echocardiographic study without exten- 
sive training or guidance front the 
ground. The program contains a de- 
tailed description using video and audio 
to demonstrate equipment controls, er- 
gonomics of scanning, study protocol, 
and scanning guidance, including recov- 
ery from sub-optimal images. 

The components used in the initial 
validation of the system include an 
Apple iPod Classic third-generation as 
the video source, and Myvue video 
glasses. Initially, the program prompts 
the operator to power-up the ultrasound 


and position the patient. The operator 
would put on the video glasses and at- 
tach them to the video source. After 
turning on both devices and the ultra- 
sound system, the audio-video guidance 
would then instruct on patient position- 
ing and scanning techniques. 

A detailed scanning protocol follows 
with descriptions and reference video of 
each view along with advice on tech- 
nique. The program also instructs the 
operator regarding the types of images 
to store and how to overcome pitfalls in 
scanning. Images can be forwarded to 


the ground or other site when conven- 
ient. Following study completion, the 
video glasses, video source, and ultra- 
sound system are powered down and 
stored. Virtually any equipment that can 
play back video can be used to play back 
the program. This includes a DVD 
player, personal computer, and some 
MP3 players. 

This work was done by Timothy Caine and 
David Martin of Johnson Space Center. Fur- 
ther information is contained in a TSP (see 
pagel). MSC-24800-1 


© Beat-to-Beat Blood Pressure Monitor 

This invention is applicable to all segments of the blood pressure monitoring market, including 
ambulatory, home-based, and high-acuity monitoring. 

Lyndon B. Johnson Space Center, Houston, TX 


This device provides non-invasive 
beat-to-beat blood pressure measure- 
ments and can be worn over the upper 
arm for prolonged durations. Phase and 
waveform analyses are performed on fil- 
tered proximal and distal photoplethys- 
mographic (PPG) waveforms obtained 
from the brachial artery. The phase 
analysis is used primarily for the compu- 
tation of the mean arterial pressure, 
while the waveform analysis is used pri- 
marily to obtain the pulse pressure. 
Real-time compliance estimate is used to 
refine both the mean arterial and pulse 
pressures to provide the beat-to-beat 
blood pressure measurement. 

This wearable physiological monitor 
can be used to continuously observe the 
beat-to-beat blood pressure (B3P) . It can 
be used to monitor the effect of pro- 
longed exposures to reduced gravita- 
tional environments and the effective- 
ness of various countermeasures. 

A number of researchers have used 
pulse wave velocity (PWV) of blood in 
the arteries to infer the beat-to-beat 
blood pressure. There has been docu- 
mentation of relative success, but a de- 
vice that is able to provide the required 
accuracy and repeatability has not yet 
been developed. It has been demon- 
strated that an accurate and repeatable 
blood pressure measurement can be ob- 
tained by measuring the phase change 
(e.g., phase velocity), amplitude change, 
and distortion of the PPG waveforms 
along the brachial artery. The approach 
is based on comparing the full PPG 
waveform between two points along the 


artery rather than measuring the time- 
of-flight. Minimizing the measurement 
separation and confining the measure- 
ment area to a single, well-defined artery 
allows the waveform to retain the gen- 
eral shape between the two measure- 
ment points. This allows signal process- 
ing of waveforms to determine the phase 
and amplitude changes. 

Photoplethysmography, which meas- 
ures changes in arterial blood volume, is 
commonly used to obtain heart rate and 
blood oxygen saturation. The digitized 
PPG signals are used as inputs into the 
beat-to-beat blood pressure measure- 
ment algorithm. The algorithm consists 
of the following main components: 

• First harmonic isolation bandpass fil- 
ters take the raw PPG signals and sepa- 
rate out the first harmonics. 

• Three harmonic lowpass filters take 
the PPG signal and filter out all spec- 
tral components outside the first three 
harmonics. The first three harmonics 
are used for regeneration of the pulse 
pressure waveforms. 

• Phase analysis engine takes the first 
harmonics of the PPG signals and 
computes the phase difference be- 
tween them in real time using a cross- 
correlation-based algorithm. The 
phase difference is to the first order 
correlated to the MAP (mean arterial 
pressure) . 

• Compliance estimation engine takes 
information on the general shape of 
the waveforms and the phase delay to 
compute the local compliance of the 
artery. The higher the arterial pres- 


sure, the higher the Young’s modulus 
and thus the lower the compliance. 

• MAP computation engine obtains the 
phase delay and compliance informa- 
tion and provides the mean arterial 
pressure. 

• Waveform analysis engine takes the 
PPG signal containing the first three 
harmonics and provides the signal pro- 
cessing needed for compliance (elas- 
ticity) estimation and pulse pressure 
computation. 

• Pulse pressure computation engine 
takes the filtered PPG signal and an es- 
timate of the arterial compliance to re- 
generate the pulse waveform. 

• B3P computation engine takes the 
MAP and the pulse pressure computa- 
tions and combines them with a blood 
pressure model and calibration data to 
produce the final signal of interest — 
the beat-to-beat blood pressure. 

This work was done by Yong Jin Lee of 
Linea Research Corporation for Johnson 
Space Center. Further information is con- 
tained in a TSP (see page 1 ). 

In accordance with Public Law 96-517, 
the contractor has elected to retain title to this 
invention. Inquiries concerning rights for its 
commercial use should be addressed to: 

Linea Research Corporation 
1020 Corporation Way 
Suite 216 

Palo Alto, CA 94303 
Refer to MSC-24601-1, volume and num- 
ber of this Medical Design Briefs issue, and 
the page number. 
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